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(57) ABSTRACT

In a logical circuit comprising a load and a driving
MISFET, a depletion type MISFET is connected be-
tween the load and the driving MISFET and a voltage
which has a smaller absolute value than the absolute
value of the difference between a supply voltage and a
threshold voltage of the depletion type MISFET is im-
pressed on the gate electrode of the depletion type
MISFET.

4 Claims, 2 Drawing Figures
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'MIS LOGICAL CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Inventmn

This invention relates to a logical c:rcu:t which is

constructed of insulated gate field-effect transistors
(hereinbelow termed “MISFETs). -

2. Description of the Prior Art;

Logical circuits which are constructed of MlSFETs
(hereinafter termed “MIS logical circuits”) are broadly

classified into a ratio type logical circuit and a ratioless

-type logical circuit. In the former, the. output level is
determined by the ratio g,,,. between the mutual con-

ductances of a load MISFET and a drwm g MISFET, so

that the gate area of the driving MISFET becomes
large. Also, a d.c. current flows through the load MIS-
FET and the driving MISFET, so that the power dissi-
pation becomes high. |

In the latter, the output. level is determmed 1ndepen-
dently of the ratio of the mutual conductances as stated
above. More specifically, a circuit of this type pre-
charges a load capacitor and acquires an output level in
dependence on whether or not the stored charge is
discharged in conformity with an input signal at the
next timing. Therefore, the gate area of a driving MIS-
FET is small, and the power dissipation 1s low. On the
other hand, however, a clock pulse circuit for the pre-
charging 1s required.

In the logical circuits as described above, a supply
voltage 1s sometimes applied between the drain and
source of the driving MISFET constituting a logical
block which is connected between an output terminal
and a reference voltage terminal (earth terminal). For
this reason, the channel length of the driving MISFET
must be determined in dependence on the supply volt-
age in order to prevent punch-through between the
drain and source.

Accordingly, the ratio type logical circuit must have
the ratio g,,, between the conductances of the load
MISFET and the driving MISFET at a predetermined
value and must be designed in consideration of the
limitation of the channel length of the driving MISFET.
The ratioless type logical circuit cannot put the driving
MISFET into a required minimum size due to the limi-
tation of the channel length, and must be de51gned n
consideration of the supply voltage.

SUMMARY OF THE INVENTION

This invention has been made in order to solve the
above problem, and has for its object to provide an MIS
logical circuit which has an enhanced degree of free-
dom of design.

The fundamental construction of this invention for
accomplishing the object resides 1n a logical circuit
constructed at least of a load and a driving MISFET,
characterized in that a depletion type MISFET 1s con-
nected between the load and the driving MISFET and
that a voltage which has a smaller absolute value than
the absolute value of the voltage difference between
the supply voltage and a threshold voltage of said de-
pletion type MISFET is applied to a gate electrode of
said depletion type MISFET.

BRIEF DESCRIPTION OF THE DRAWING

FIGS. 1 and 2 are circuit diagrams each showing an
embodiment of this invention.
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DETAILED DESCRIPTION

With reference to FIG. 1 between a load MISFET M,
and a logical block Ly which is composed of at least
one driving MISFET Mj,, there is a depletion type
MISFET M, for making small a voltage which 1s 1m-°
pressed on the logical block L. The gate electrode of
the MISFET M, 1s connected to a reference voltage
terminal (ground terminal). An output OUT is taken

' out from the juncture 2 between the load MISFET M,

and the depletion type MISFET M,,.

Where, for example, one transistor is used for the
block Ly, the entire circuit in FIG. 1 can operate as an
inverter circuit which inverts an input IN at the gate
input terminal 3 of the drwmg trans:stor M,, at the
output terminal 2. Further, by using for the block LB,
plurality of driving transistors connected in series or in
parallel, the entire circuit of FlG 1 can operate as a
NAND circuit or a NOR ‘circuit. R

The . foregoing logical circuit exemphﬁes a case
where this invention ts applied to. the ratioless type
logical circuit which drives the load MISFET M, by the
use of a clock pulse CP impressed on a terminal 1.

According to this invention as explained above, the

" objects can be achieved as follows.
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The potential of the juncture between the depletion
type MISFET M, and the logtcal block Lj does not
become greater than the threshold voltage | V| of the
MISFET M, because the gate voltage of the depletion
type MISFET M, 1s at ground potential. More specifi-
cally, the depletion type MISFET pinches off when the
source voltage with respect to the gate voltage exceeds
the threshold voltage V,,. Therefore, when the gate
voltage 1s at ground potential the source voltage does

‘not become greater than the threshold voltage | V,,|.

Consequently, the maximum voltage which is im-
pressed between the drain and source of the driving
MISFET M, constituting the logical block becomes
the threshold voltage | V| of the depletion type MIS-
FET independent of a supply voltage V,,, at a terminal
4. The channel length of the MISFET constituting the
logical block is therefore determined uniquely, so that
the design of the logical circuit is facilitated.

Since, in general, the threshold voltage | V| of the

‘depletion type MISFET 1is as small as 3V or so, the

channel length of the driving MISFET constituting the
logical block can be made a required minimum value
irrespective of the supply voltage. It is therefore possi-
ble to attain enhancement of the density of integration
of the logical circuit. | |

In particular, the density of integration is sharply
enhanced in a complex gate circuit in which a large
number of driving MISFETs M,-M,, —are connected in
series as shown in FIG. 2, or in a ROM (read only
memory) circuit.

This invention is not restricted to the embodiments
described above, but it can adopt various aspects of
performance.

By way of example, since the gate voltage V; of the
depletion type MISFET M), serves to lower the voltage
to be impressed on the logical block, it may have any
value insofar as the following equation (1) is fulfilled:

lvﬁl < Ivfifjl“lvthl (1)
This invention can be similarly applied to the ratio type

logical circuit. In this case, note should be taken of the
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fact that a level loss occurs in the depletion type MIS-

FET. -
‘Further, the output may be derived from the juncture

between the depletion type MISFET and the logical

block. In this case, note should be taken of the fact that

the output amplitude is subject to a level shift (level-
down). '

This invention can be extensively utilized for MIS

logical circuits.

I claim:

1. A logical circuit comprising:

a logic block including at least one input terminal and
an output terminal, and at least one driving insu-
lated gate field effect transistor connected between
a respective input terminal and the output terminal

~of said logic block; and |

a depletion type insulated gate field effect transistor
anda load element connected in series between a
load supply voltage terminal to which a supply
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4.
voltage is applied and the output of said logic
block; and wherein

the gate electrode of said depletion type insulated

gate field effect transistor is applied with a voltage
the absolute value of which is less than the differ-

ence between the absolute value of said supply
voltage and the absolute value of the threshold
voltage of said depletion type isulated gate field
effect transistor.

2. A logical circuit according to_clalm 1, wherein said
load element comprises an insulated gate field effect
transistor the gate of which is coupled to a clock pulse
terminal for receiving clock pulses.

3. A logical circuit according to claim 1, wherein the

gate of said depletion type transistor is connected to

ground potential.

4. A logical circuit according to claim 3, wherein said
load element comprises an insulated gate field effect
transistor the gate of which is coupled to a clock pulse

terminal for receiving clock pulses.
- % * * ¥ *
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